INTRODUCTION
Peste des petits ruminants (PPR) is a highly contagious and infectious viral disease of domestic and wild small ruminants (Anonymous, 1999; Munir, 2014) with symptoms similar to Rinderpest, characterised by fever, erosive stomatitis, oculonasal discharges, diarrhoea and pneumonia (ILRI, 1980; Scott, 1981; Anonymous, 2011 ). The disease is caused by the PPR virus (PPRV) which belongs to the family Paramyxoviridae, genus Morbillivirus (Bailey et al., 2005) .
The economic importance of PPR is principally due to its highly contagious nature, with a case fatality rate reaching 100%. This is of particular concern for small holder rural farms where small ruminants are reared as the sole source of income (Emikpe & Akpavie, 2011) . PPR is currently considered as one of the main transboundary animal diseases (TAD) that hampers livestock production in many developing countries particularly in West Africa and South Asia, notifiable to the Office of International Epizootics. In all, 62.5% of the global domestic small ruminant population is at risk of PPR (Anonymous, 2013a). The estimated loss is USD 1.45 to 2.1 billion every year (OIE, 2015) .
In Ghana, agriculture contributes to about 22.6% of the gross domestic product (GDP). Livestock plays a very important role in the national economy because of its contribution to the national GDP (about 5.3%) indicating that livestock is indispensable to the optimisation of the Ghanaian farming and livelihood systems (Ghana Statistical Service, 2013) .
In Ghana, small ruminants play a very important role in the livelihood of farmers, especially the rural poor (Tuah et al., 1989) . Notwithstanding that, Ghana still depends largely on imported livestock products to meet the growing demand for animal protein. Imports constitute a greater part (about 70%) of the meat and other livestock products consumed (FAO, 2014) . This statistics indicate a huge deficit of local meat production for consumption. Hence, Ghana Government has been making attempts to improve livestock production to reduce the importation.
Despite Ghana Government's efforts to improve small ruminant production in the country by the introduction of Livestock Development Project (LDP) and other projects between 2005 and 2010, within Ministry of Agriculture MoFA many factors continue to limit the growth of the subsector. Some of these include health, breed related problems (small birth rates, slow growth rates) (Ademosun, 1988) , water shortages during the dry season, high mortality and theft of livestock (Anonymous, 2001; Amankwah et al., 2012) . Peste des Petits Ruminants (PPR) is considered as the most potentially economically important disease of sheep and goats in the developing world (Anonymous, 2015) .
Based on information from stakeholders (local veterinary officials), who often diagnosed the disease using clinical signs, coupled with occasional usage of ELISA and real time PCR when samples were sent to the Central Veterinary Laboratory in Accra, there has been a yearly incidence of PPR in Ghana despite the availability and use of a potent vaccine against PPR. However the disease burden and the impact of vaccination on the prevalence of the disease across the various regions in the country are yet to be documented (Otsyina et al., 2013) .
Economic losses caused by PPR could be substantial, however, literature on the disease in Ghana is scanty. This study was, therefore, conducted to investigate the pattern of PPR distribution in Ghana and to assess the impact of vaccination on the disease burden in the country.
MATERIALS AND METHODS

Study area
The study was conducted in Ghana which covers an area of 238,539 square kilometers including inland water bodies. It is located on the south central coast of West Africa. The country shares borders in the east with Togo, in the north with Burkina Faso, and in the west with Côte d'Ivoire (Nutsukpo et al., 2012) The wettest area is in the extreme southwest, where the rainfall is over 2,000 millimeters per year. The driest area is at the southeastern coastal tip, where the rainfall is about 750 millimeters. Agriculture is the backbone of the national economy (Nutsukpo et al., 2012) .
The total goat and sheep population in Ghana is estimated respectively at 5,751,000 and 4,156,000 (Anonymous, 2013b) 
RESULTS
The total number of outbreaks for the period of study was 678 while the total number of small ruminants in Ghana was 9907 thousand as specified by FAO (2013) ; hence the prevalence of PPR in Ghana from 2005 to 2013 was 6.84% (678/9907) per thousand small ruminant population. The highest number of outbreaks of PPR occurred in 2011, followed by 2012 and 2010. From 2010 to 2012, most PPR outbreaks occurred mostly in the first quarter of each year (from January to March) which is the peak of the dry season, followed by the second quarter which was the early raining season (Table 1) . (Table 2) .
There was no significant influence (P=0.608) on quarterly distribution of PPR outbreaks (Table 1 ) while significant effects of vaccination on the PPR outbreak pattern both at yearly distribution (P=0.0102; Table 2 ) and regional distribution (P=0.0166; Table 3 ) were established.
DISCUSSION
The prevalence of PPR in Ghana from 2005 to 2013 was 6.84% (678/9,907) per thousand small rumianant population. The areas with the highest number of outbreaks are mostly the coastal areas which could be due to the unrestricted movement of small ruminants from neighbouring countries such as Côte D'Ivoire which are noted to be endemic in PPR as reported by Kaukarbayevich (2009) and Abubakar et al., (2011) who concluded that control of PPRV may be attained using measures including movement control, quarantine of infected animals, removal of potentially infected fomites and restriction on the importation of sheep and goats from infected areas.
From 2009 to 2010, PPR cases occurred mostly in first and second quarters which agreed with the findings of Hegde et al. (2009) demonstrating that incidences of PPR were the highest during the rainy season and in the dry agro-climatic zones. The authors suggested that the density and environmental factors contributed to disease incidence, which they explained by the sudden onset of the rainy season in the middle of June and huddling together of animals enhancing close contact -a major transmission route for PPR.
From 2010 to 2012, most cases occurred from January to March which conforms to findings of Okoli (2003) and Hedge et al. (2009) demonstrating peaks in PPR outbreaks in February, during the cold dry season to the dusty winds during the harmattan season as risk factors for respiratory tract infections since excessive dust easily irritates the upper respiratory tract, rendering exposed goats more susceptible to the disease. Poor nutrition due to deficiency of fodder during that period (Wosu et al., 1994 ) also contributed to the findings. Other workers also established that PPR epidemics tend to occur during the rainy season when goats are herded together and around Christmas when movement to markets increases (Nawathe, 1984; Muse et al., 2012; Salih et al., 2014) . The highest outbreaks of PPR occurred in 2011, followed by 2012 and 2010 (Table 2 ). The surge in PPR outbreaks in 2011 could be due to the shortage of PPR vaccines that was experienced in the country between 2010 and 2011 and its effect spilled over into 2012.
Vaccination had a positive impact on the trend of PPR outbreaks in 2007 and in 2013. This could be due to the free PPR vaccination campaign which saw high patronage in 2006 and the highly subsidised PPR vaccination campaign in 2013 that was part of the pilot project of the vaccine approach strategy of reducing PPR in the West African Sub-Region (OIE, 2013) . This showed that prompt yearly and subsidised vaccination of goats will help to reduce the outbreak of PPR especially during the critical periods of the year. Although the distribution by species could not be attempted because the data set only provided aggregated data on small ruminants, however absolute figures were used for analysis at the regional level because baseline data in terms of animal population figures at the regional levels were not available.
In conclusion, PPR is endemic in Ghana with peaks in both the rainy and dry seasons, but mostly in the dry season. Vaccination of animals against PPR has a positive impact on the outbreak of PPR in the country. It is therefore recommended that PPR vaccines should be readily available as vaccination campaigns positively impact on PPR outbreak. There should be harmonisation of PPR vaccination calendar across the various regions such that the vaccination is carried out at the same period throughout the country. Restriction on movement of animals form high risk areas should be enforced. Subregional mass vaccination programmes could be introduced for PPR as was done for Rinderpest and further studies to be embarked to establish the possible predisposing factors of PPR in the country.
